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Abstract 
Based on the chemical analysis data, Beiya Gold multi-metal Ore contains Au 2.17 g/t, Ag 59.36 g/t, Fe 38.51%, Cu 
0.57%, Pb 2.00%, and Zn 0.48%. Chemical phase analysis shows that 95.72% Au exists as nature gold; 67.22% Fe 
exists as limonite and hematite, and only 23.65% exists as magnetite; 26.41% Cu exists as malachite and only 
12.14% exists as sulfide minerals such as chalcopyrite and covellite; in the same way only 3.98% Pb exists as galena 
and 26.09% Zn exists as sphalerite. So the Systemic process mineralogy study is very necessary to guarantee 
separating these valuable elements from the ore reasonably and economically. Based on the process mineralogy 
research, reasonable technology flowsheet is worked out: the ore is ground to 90% under 0.074mm, leaching Au 
firstly, then enriching Fe by low-intensity and high-magnetic separation. The Cu, Ag, Pb and Zn in the ore are 
unavailable now. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1.Introduction 
Mineral processing on multi-metal ores is commonly complicated. Investigating where and how the 
target elements lie and the target minerals occur is necessary and important to choose reasonable grinding 
fineness and separating or enriching flowsheet during mineral processing. 
In order to evaluate the availability of iron, gold, copper, lead and zinc of Beiya multi-metal ore in 
Yunnan province, systemic process mineralogy study on the ore has been carried out. Through chemical 
analysis of the ore, chemical phase analysis of main elements, as well as mineral surveying using a 
Available online at www.sciencedirect.com
© 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of National University of Singapore.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
950   Wang Ling et al. /  Procedia Environmental Sciences  12 ( 2012 )  949 – 956 
microscope and scanning electro-microscope(SEM), the occurrence of elements such as Au, Ag, Fe, Cu, 
Pb and Zn, the size of main minerals, the liberation of main minerals under different grinding fineness, 
and the intergrowth relationship among minerals were revealed. 
Based on the process mineralogy research, final technology flowsheet is worked out and the reasonable 
index is achieved. 
2.Chemical analysis and mineral composition 
2.1.Chemical analysis 
Through the coarse crushing, fine crushing and dry grinding, the powdered sample bellow 0.074mm 
for chemical analysis is prepared. Chemical analysis data of the ore see table 1. 
Table 1.   Chemical analysis data of the ore 
2.2.Mineral composition 
By chemical analysis, chemical phase analysis, X-ray diffraction analysis, MLA analysis (automated 
mineralogy using SEM) and microscope observation, mineral composition and its relative content is as 
follows: metal minerals mainly are limonite(46.88%) including little hematite and hydro-hematite, 
secondly magnetite(12.65%), also a few of psilomelane and pyrolusite (3.71%), coronadite and 
mimetesite (1.29%), cerusite(1.28%), malachite(0.26%), chalcopyrite and covellite(0.15%), 
sphalerite(0.19%), calamine(0.18%), galena(0.10%), and as well as micro amounts of pyrite, pyrrhotite, 
arsenopyrite, argentite, gold, etc.. The gangue minerals mainly are chlorite(10.50%) and biotite(7.40%) 
including little sericite, secondly quartz(5.10%), dolomite(3.60%) including little calcite, kaolinite and 
other clay mineral (3.50%), again a few of feldspar(1.20%), amphibole (1.20%), and other 
minerals(0.81%) such as rutile, etc.. 
3.Analysis of occurrence state of valuable elements 
3.1.Occurrence state of Au 
Au exists as nature gold and usually containing low counts of Ag and Fe by the searching of MLA 
(automated mineralogy using SEM). Gold is usually wrapped in limonite or occurs along its cranny, 
sometimes occurs among different mineral particles (Fig.1). Most gold occurs as fine or ultra-fine granule, 
the granule size is commonly less than 0.030mm. 
Component Au(g/t) Ag(g/t)  Sb Fe 
Content (%) 2.17 59.36 0.14 0.033 38.51 
Component Mn C Cu Pb Zn 
Content (%) 3.60 0.66 0.57 2.00 0.48 
Component SiO2 Al2O3 CaO MgO K2O
Content (%) 13.07 5.44 1.79 2.20 0.82 
951 Wang Ling et al. /  Procedia Environmental Sciences  12 ( 2012 )  949 – 956 
( )
Fig.1. SEM picture showing dissemination characteristic of gold 
Based on the analysis of mineral composition, the occurrence state of Au in powder sample 
(<0.074mm) is ascertained by dissolving visible gold and certain minerals containing Au selectively and 
step by step. The result see table 2. The result in table 2 shows that the highest Au leaching index would 
reach to 95.72% in theory. 
Table 2. The occurrence state of Au in the powder sample 
Gold phase Visible gold
Including gold 
in sulfide 
minerals 
Including gold 
in limonite 
Gold Content (%) 2.01 0.016 0.04 
Gold distribution 
(%)
95.72 0.76 1.90 
Gold phase 
Including 
gold in 
carbonate 
minerals 
Including gold 
in silicate 
minerals 
total
Gold Content (%) 0.004 0.03 2.10 
Gold distribution 
(%)
0.19 1.43 100.00 
3.2.Occurrence state of Fe 
Limonite is the most important iron mineral in the ore, and it is the aggregate of goethite, 
hydrogeothite and clay minerals. X-ray spectrum analysis shows that PbO, ZnO, CuO and other 
impurities are commonly found in superfine pore and cranny of Limonite. The dissemination 
characteristic of limonite is very complex. Most limonite interlaces tightly with chlorite and quartz. 
Magnetite is another important iron mineral. Most magnetite is badly eroded by hematite or limonite. 
Other magnetite occurs as idiomorphic crystal or semi-idiomorphic crystal and disseminates in gangue 
with comparatively fine grain size. 
Hematite is also the important iron mineral. Most hematite is badly eroded by limonite, while the 
hematite itself also erodes magnetite. They often disseminate in gangue as iron mineral aggregate. The 
intergrowth relationship among limonite, magnetite and hematite is so close that they would still 
associated with each other even under fine grinding fineness. 
Based on the analysis of mineral composition, the occurrence state of Fe in powder sample (<0.074mm) 
is ascertained by dissolving certain iron minerals selectively and step by step. The result see table 3. The 
result in table 3 shows that the low and high intensity magnetic separations are both necessary to get Fe, 
and the iron recovery would reach to 90.87% in theory. 
Table 3. The occurrence state of Fe in the powder sample 
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Iron phase 
Non-magnetic
iron oxide 
Magnetic
iron oxide 
sulfide
minerals
Iron Content (%) 25.61 9.01 0.14 
Iron distribution (%) 67.22 23.65 0.37 
Iron phase 
Carbonate
minerals
Silicate 
minerals
total
Iron Content (%) 0.60 2.74 38.10 
Iron distribution (%) 1.57 7.19 100.00
3.3.Occurrence state of Cu 
Malachite is the most important copper mineral in the ore, which occurs mainly as coarse or irregular 
particles. Some malachite occurs as shell and disseminates on the surface or pore of limonite or 
psilomelance. Most malachite has close intergrowth relationship with limonite and their contacting edge 
is commonly complex. 
Chalcopyrite is another copper mineral and occurs as granular and irregular aggregates embedded in 
gangue minerals. The grain size of chalcopyrite usually ranges from 0.005 to 0.10mm. So it is impossible 
to separate chalcopyrite from other minerals by flotation because of its poor liberation. 
Based on the analysis of mineral composition, the occurrence state of Cu in powder sample 
(<0.074mm) is ascertained by dissolving certain copper minerals or minerals containing copper 
selectively and step by step. The result see table 4. The result in table 4 shows that highest Cu leaching 
index would less than 26.41% in theory and its value is limited. 
Table 4.  The occurrence state of Cu in the powder sample 
Copper phase 
Free copper 
oxide
Copper
sulfide
Copper oxide 
dispersing in 
manganese  or 
iron minerals 
copper content 
(%)
0.15 0.069 0.31 
copper
distribution (%) 
26.41 12.14 54.58 
Copper phase 
Copper oxide 
dispersing in 
silicate 
total
copper content 
(%)
0.039 0.568  
copper
distribution (%) 
6.87 100.00  
3.4.Occurrence state of Ag 
Argentite is the main silver mineral in the ore. Argentite occurs often as fine granular in limonite or 
malachite, and its grain size generally 0.002mm. Based on the analysis of mineral composition, the 
occurrence state of Ag in powder sample (<0.074mm) is ascertained by dissolving certain silver minerals 
or minerals containing silver selectively and step by step. The result see table 5. 
Table5 The occurrence state of Ag in the powder sample 
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Phase Silver 
soluble in 
water
Silver
oxide
Native
silver
Silver Content (%) 0.50 0.25 3.50 
Silver distribution (%) 0.84 0.42 5.87 
Phase Silver 
sulfide
Silver
included
in other 
minerals
Total
Silver Content (%) 41.36 14.00 59.61 
Silver distribution (%) 69.38 23.49 100.00 
The result in table 5 shows that highest Ag leaching index could only reach to 7.13% in theory, and its 
value is also limited. 
3.5.Occurrence state of Pb and Zn 
Galena is one of lead minerals in the ore and occurs as granular and irregular aggregates embedded in 
gangue minerals. The grain size of galena usually ranges from 0.005 to 0.10mm. 
Sphalerite is one of zink minerals in the ore and occurs as granular and irregular aggregates embedded 
in gangue minerals. The grain size of sphalerite usually ranges from 0.005 to 0.10mm. 
Coronadite is one of the important minerals containing lead in the ore and occurs as massive, radiating 
and colloidal. Coronadite usually interlaces tightly with limonite, psilomelane and pyrolusite. The lead in 
coronadite has not been used industrially. 
X-ray spectrum analysis indicates that most coronadite contains more or less CuO, and the copper in 
coronadite also has not been used industrially. 
Psilomelane and pyrolusite are certain minerals containing some CuO and PbO. Psilomelane and 
pyrolusite mainly occur as irregular, radiating and colloidal. The copper and lead in psilomelane and 
pyrolusite also has not been used industrially. 
Based on the analysis of mineral composition, the occurrence state of Pb and Zn in powder sample 
(<0.074mm) is ascertained by dissolving certain silver minerals or minerals containing silver selectively 
and step by step. The result see separately table 6 and table 7. The result in table 6 and table 7 shows that 
lead and zinc in the ore could not be used industrially. 
Table 6   Chemical phase analysis of lead in the ore 
Phase Lead sulfate
Lead
carbonate
Lead sulfide
lead Content (%) 0.28 1.00 0.08 
lead distribution (%) 13.93 49.75 3.98 
Phase 
Lead
dispersing in 
silicate 
total
lead Content (%) 0.65 2.01  
lead distribution (%) 32.34 100.00  
Table 7   Chemical phase analysis of zinc in the ore 
Phase Zinc sulfate Zinc carbonate Zinc sulfide
zinc Content (%) 0.06 0.09 0.12 
zinc distribution (%) 13.04 19.57 26.09 
Phase Zinc total  
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dispersing
in limonite 
or silicate
zinc Content (%) 0.19 0.46  
zinc distribution (%) 41.30 100.00  
4.Mineral grain size 
The dissemination grain size of gold, iron minerals, malachite and sulphur minerals is investigated by 
transversal method under microscope using polished block ore, and the statistical result is showed in table 
8.
Table 8   The statistical grain size of important minerals 
Grain size 
fraction
˄mm˅
Distribution (ˁ)
Gold
Iron
mineral 
aggregate
Malachi
te
Sulphar
mineral
s
+1.0  5.64 6.37  
-1.0+0.10  23.27 44.56  
-0.10+0.043  20.16 25.42 12.06 
-0.043+0.020 20.35 13.28 10.29 24.26 
-0.020+0.015 25.31 14.77 9.34 25.66 
-0.015+0.010 24.05 9.45 2.64 13.87 
-0.010 30.29 13.43 1.38 24.15 
The result in Table 8 shows that limonite liberation improves gently from 65.97% to 79.13% along 
with increase of grinding fineness. And it is accordant with its grain size distribution. Some limonite with 
coarse grain size has liberated under grinding fineness of 70% -0.074mm, while some limonite with fine 
or ultra-fine grain size does not liberate even under grinding fineness of 90% -0.074mm. 
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Fig. 2   The magnetic separation flowsheet 
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5.Working-out of the technology flowsheet 
Based on the research of process mineralogy, Au is the most valuable element in the ore, next one is Fe. 
And the availability of Cu and Ag is limited. While the Pb and Zn is now unworthy. 
Two schemes are formulated. The first one is for Magnetic separation- CIL (Carbon-In-Leach), and the 
second one is for CIL (Carbon-In-Leach)-Magnetic separation. The magnetic separation flowsheet is 
showed in fig.2. The leaching condition is as follow: Grinding fineness 90% under 0.074mm, L/S=3:1, 
pH=11.0 (CaO), NaCN 2.0 kg/t, Leaching time 24h. 
The result by flowsheet from CIL (Carbon-In-Leach)-Magnetic separation is showed in table 9, and the 
result from flowsheet of Magnetic separation-CIL (Carbon-In-Leach) is showed in table 10. The two 
flowsheets got almost same results, while the second one of CIL-Magnetic separation is more simple and 
practical.
Table 9   The result from flowsheet of Magnetic separation-CIL (Carbon-In-Leach) 
Separation Products Yield,% Grade (Fe),% Recovery (Fe),% 
Concentrate 1 10.04 62.12 16.30 
Concentrate 2 25.27 46.51 30.72 
Tailings 64.69 31.34 52.98 
Feed 100.00 38.26 100.00 
Separation Products Grade(Au),g/t Before leaching
Grade(Au),g/t After 
leaching
Leaching rate(Au),% 
Concentrate 1 2.17 0.26 88.02 
Concentrate 2 2.89 0.32 88.93 
Tailings 2.01 0.25 87.56 
Feed 2.25  87.95 
Table 10  The result from flowsheet of CIL (Carbon-In-Leach)-Magnetic separation 
Separation Products Yield,% Grade (Fe),% Recovery (Fe),% 
Feed 100.00   
Leaching residue 100.00   
Concentrate 1 9.96 62.14 16.13 
Concentrate 2 27.72 46.51 33.59 
Tailings 62.32 30.97 50.28 
Leaching residue 100.00 38.38 100.00 
Separation Products Grade(Au),g/t Grade(Au),g/t Leaching rate(Au),% 
Feed 2.17   
Leaching residue  0.26 88.02 
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6.Conclusions 
The process mineralogy research, using instrument such as microscope, SEM, XRD, etc. and multi-
analysis methods including chemical phase analysis, is absolutely necessary and efficient to investigate 
behavior of the target minerals during mineral processing, to point out the factors affecting mineral 
separation, and to help choose more suitable testing regimes and more appropriate separation flowsheet. 
From the data obtained in the above tests it was concluded that. 
Au is the most valuable element in the ore, next one is Fe. And the availability of Cu and Ag is limited. 
While the Pb and Zn is now unworthy. 
The fine grinding is necessary to the mineral processing because of fine disseminated size of the gold, 
limonite, and malachite. 
Leaching is the best method to gain gold, because of its ultrafine- disseminating in limonite and gangue, 
as well as ore characteristic full of pore. 
The grade of iron concentrate is difficult to be improved, because the most important mineral-limonite 
containing theoretically Fe only 55.22%.  
Based on the process mineralogy research, two schemes are formulated: the first one is for Magnetic 
separation- CIL (Carbon-In-Leach), and the second one is for CIL (Carbon-In-Leach)-Magnetic 
separation. The two flowsheets got almost same results, while the second one of CIL-Magnetic separation 
is more simple and practical. 
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